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ABSTRACT

\\

“"Performance measurements of a database machine reflect
not only the processineg power of tae machine. tut ailso trne
size an2 structure of tne database, It 1s tcerefore usetul
to construct databases tor performance measurements Hf d1ata-
bas2 machines. Furtaermore, it {is userul to utilize
syntaetic data, such that the volume of tne repiv can be
predicted for a ziven query and the structure and attributeas
of the database can be variecd tor intepcea test queries,
Conductineg measurement studies using a sSsynthetic datacase
contriputes to the generality of the results wazen ditrterent
test queries are employed. A parameterized program 1s de-
scriped nerein wnich can be used to generate various
relations for a synthetic database. The experiences ia con-
structing and using the database generator are descrisea It
is suggested that given suftficient information on real-worlil

1atabases the zenerator may o0e usetrul tror modeiine them as

well as for creatineg datapases for oencamark tEStS‘

b

T T




II.

III.

Iv.

TABLE OF CONTENTS

BENCHMARKS FOR DATABASE MACHINES

A. PERFORMANCE MEASUREMENTS <==——=—c—ccr—co—oc--

B. BENCHEMARKING
C. QUANTITIES TO Bs MEASURKD

BENCHMARKING RELATIONAL DATABASE MACHINES —=——=-—

A. THE BENCHMARKING ENVIRONMENT -

B. THE ARCHITECTURE OF THE SYSTSEM

1. Tne Basic Macanine Arcnitecture ana
Various Configurations -

2. Tne Database Organization

3, The User Interface

THE BENCHMARKING APPROACH -

A. A MULTI-DIMENSIONAL PROELEM

1. Moaeling Problems

a. DEMS-cependent Prooblems -

t. Database-dependent Protiems ————————-

2. Measurement Problems

B. RESOLVING THE MUDELING PROBLEMS -

1. DBMS-dependent Proodlems

2. Datavase~aependent Proolems - -

C. THE SYNTHESIZED DATABASE AND WORKLOAL —==-=—=-

1. The Use of Syntnesizeda Data -

2. Types of Syntnesized Data
3. fGeneral Scnema ot Syntnesizea Data Usea -

GENERATING SYNTHESIZED DATA - -

1¢
1l
11
11

1




A.

A PARAMETEPIZED RELATION GENERATOR ===v——-=—= 29

1. Capabdiiities - - 29

2. Tne Development - 3

a. Tne Development Environment ==———-—e==== 3¢

b. The Development Pro~ess K14
¢c. Design Probiems sl
B. A MATRIX OF RELATIONS 23
1. Standard Templates 33
2. Flexioiiity 35
C. THE GENERATING PROCEDURE 8
1. Tne Generator System - 35
a. The Relation Generator (R§) -—=—=—-=== U6
b. Tne Value-Set Generator (VG) =————==~ 323
2. The Conversion Problem 29
F. Transporting the Relations to tne
Testbea 4¢
a. Transporting tne Data to tne Eost ——- 4¢
b. Loading Data Into the Backend =—=—==-—- 42
V. GENERATING TEST PROGRAMS 42
A. TEE TEST PLAN 42

B.

C.

1. Experiments Involving a Sinele Relation =~ 42

2. Experiments Involving More Than One Reja-

tion 46
3. A Flexirole Test Plan ~ 48
MEASCREMENT TOULS - 4F
QUERY SCRIPTS vs. PROGRAMS -~ 4y

..........




PO S Dt i 2

o

A

s

> A A

LA

s s n 8- N

LR " ana a3

D. INTERPRETING THX DATA €¢ !
vI. CONCLUS IONS £e i
A. RESULTS - 82 |
) 1. General Results - 52
2. Pesearcn Results - Se
B. A RELATIONAL BENCHMARAING METHODOLORY =—==——==—- Ee
1. Pnase One - Measuremnent Metnods =——======= 55
2, Phase Two - Component [solation ========-= &5
3. Pnase Tnree - System Response 61
4. Pnase Four - Veritication 62
C. SUMMARY - &3
APPENDIX IDM System Tables €4

APPENDIY
APPENDIX

A
APPENDIX B
C
D

APPENDIX E

LIST OF REFERENCES
BIMLIOGRAPHY
INITIAL DISTRIBUTION LIST

Database Generator Program
Database Generator pProeram
Valueset Generator Program

VYalueset Ganerator Proeram

(CMS PascalvsS) - 65

.
(8]

(MYS PascalVs) -
(MVS PascalVS) - 1¢2
(CcMS PascalVsS) = 1¢5

- 1le9

- 11¢

-----
........
.........
..............

- 111




LA vut a4l JEpen eadt Jsti vt s o

| el e Bl eV e e e G s i A e i R i T P S I e A A i A M i 5 ALt e it o ACUBE-al e 1“1

List of Figures

Fig. 1. The IDM Bus Architecture 15

Fig, 2. The IDM/User Interface Diagram - - 19

Fig. 3. Responce Time vs., Size of Returned lfata —--=-== £&¢




LIST OF TABLES
Table 1. The Characteristics of a Relation 27
Table 2. The General Relation Template - 34
. Table 3. The Schema of an Attribute Record 37
8

(R 'r'q'ﬁ. Un -'q.




T:r‘“ ORI e S e vt B T WA Nt A i R R A A S ) B p e S R et R S AR SO I P T

ACKNOWLEDGEMENTS

1 would lixe to ackowleige tne nelp and suppart o5 tne
followirg people in tae preparation of tris thesis:? Poris
Mleczko ;nd tae statt ot tne Data Processing Support Center,
° dest, Point Mapu, Calitornia, CDR T. M. Pigosgl, USN, Naval
e Security Group Heaaquarters, Faula R. Strawser, mv second

reager and overseer and Dr. Davii K. Hsaio, my aavisor.
I would also ligxe to note tnat the worgL performed 1n

support of tnis tnesls nas been pertormed in concert witn

the thesis work ot LCDPR Curtis J. Ryder, USN, LT Rocert A.

Bogianowicz, and LT Michael D. Crocker.

.....

T e e, ‘~.~*. et e . “‘.
W W '-‘."1\hg_'x‘-‘\j'\_')~‘-:_j




)

| SN R

.....

oge araa )

A. PERFORMANCE MEASUREMENTS

In comparing 4datatase manazement systems {([EMSe) an
important factor is taeir performance. One way to compare
DEMSs 1is to run specitic appiications under a variety of
systems. Bacn system can pe ‘tine—tunea’ to eive tne fnest
result, An evaluation based on such a metnoc is Costly ana
time-consumine. Often such 3 method may be inteasibl=. In
many cases, 3 catabase for tae specific applications may
not even exist. As a second metnod, an evaluatisn could pe
maze on the basis of performance measurements ot =2xistine
datatases. This metnod is less costly ard less time-consu-
mine. However, the ftollowine questions arise. Is tne
existing datapase sufficient to support intenaea a&pplica-
tions? Are the applications =zood tor «condu tineg relative
performance evaluation ot ditferent DBMSs?

It §s impractical to pertrorm such qirect -comparison ot
DBMSs. Adapting an application to several syvstems tor eval-
uation purposes 1is nrot practical. Evaluation based on
existine databases {s subject tc interpretation error. Tne
iacreasing numdber of DBMSs mages it irperative tnat some
method is to be devised to do comparative pertormaace

measurements.
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B, BENCHMARKING

The concept of & standarda ¢or measuring performance 1c
not new. The stancard is usually £nown as a »encorark,
after tne markers used by surveyors in estabdbl saing a common
reference point for their measurements. ¥or example, Mouat
Diablo (a mountairn east ot Sar Francisco) 1s usez as tze
retarence point in surveying mucn ot Nortnern Calitornia Adue
to 1its long~-ranee visitilitv. A4 metnsd tfor measuring
similar items in reterence to a staadard is called
benchmarking.

Precedents ftor tenchmarking exist irn measurine the per-
formance of computer systems. Tae Gibsor-Mix metghe?
measures the execution time of a specitic set of application
pregrams for benchmarking computer systems. The expected
perrormance ot a system could bd2 computed by cnaracterizing
the expectet worgload as a mix ot jobs trom the standara
set.

It is proposed tnat a set of application programs can e

davised 10 measure the pertormance ot DEMSs. Using tanese

bencnm'ark measurements, it will be possibple te compare the

el s

pertformance 9% various uLBMSs, Tne measurements can be ana-

a-a"a"s.2

lyzed 1o sSugeesSt Streneths and weadnesses 0t tne DrEMSs,

C. OQUANTITIES TO 35 MEASURED

Tne weenerally acfeptea pertormance index tor a DEMS {s

DR AW - § Pty

the response time, Detining tae response time as tne

» 11




primary pertormance inda2x is tne Scope of this researc:z,
However, the respons2 ¢time is based on several *actors.
Among tanese tactors are tne time to process tne guery, ne
time to access the 1ata, (22 time to process 4ata, and the
time to return tne data, For a DBMS running on a maintrame
camputer, the atftects 0Y other woOrgloaa on the response
time must also be considered.

A measurement of tne response time is more sieriti-cant
waeén measurements of 1its componeals are praoviaea. Same
simplifyine assumptions may be made. The tirst su-~h assurp-
tion 1s that tne rate of accessing data in tne datacase is
constant, Tne second is that tae rate of returning pro-
cessed 1ata is ronstant. However, tne time involve1 in the
processing of jueries ani1 tne time involved 1ia tne proces-—
sine of data may vary ereatly amone datatase operations. It
order to record1 the variance ot time among the operatvions,
tests must be devised wnicn will indicate tnese comporents

tor all supportad operations,

This tnesis ¢focus2s on measurements oY tne response

b

i
!! time. A development ot a system to measure componhents cf
P

e tn2 response time is discusseaq. Tne svstem 1involves tne
ﬁ% generation ot a1 syathetlc databdase. The system also mea-
g

‘ sures the benchmarked machine in usine that databvase.
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IT.  BENCHMARKING RSLATIONAL DATABASE MACHINES

A. THE BENCHMARKING ENVIRONMENT

The research done in support ot this tnasis nas been
performed in a complex environmeant. Tne compiexity involves
multiple machines and multiple operatine systems,

A Relation Generator (RG) of syntnetic =relations nas
been developed usine Pascal (i.e., [IsM’s Pascar/vs) in e
multiuser enviroament (VM/CMS running on [3M 308%). RG is
us23 in a patca environment (MVS) o1 the same machine,. The
relations are 2enerated in EBCDIC-cnaracter torm. Tney are
transported to a UNIVAC 112¢ via tape. Tane EBCDIC tiles arz
then loaded onto tne anost (i.e., tae UNIVAC computer® ana
translated by the host iato ASCII tiles. Tnese ASCII trifss
are finally lnaded into & bacgend catapase machice ‘i.=.,
Britton Lee’s IDM 500).

The vackend macnine and interface sottware for tne 11:¢4¢
series computers are marketea by the Amperitr Corporatior ot
Cnhatswortn, California, as tae RDM 114¢. Aaaiticral mea-
surements <c3an be made hy typvassiae tne part ¢t the query
processor taat provides terminal support. Tnis is accor-
plished by rcomnunicatineg directly with tne guery processor
via compiled language statements (i.e., COBCL). Tnis dces
not completely bypass the query processor, bdecause tne aquery

language {s interpreted and cannot be precompiled. However,

13
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tne results snow thatv query processing does not represent a
sienifricant portion ot the response time if tne nost wOrKk-
load 1s lignt. Tne terminal nandler represents also a small
portion ot the response time, Theretore, the oniy advaztaee
to the use of compliied programs is the option ¢ runrirg the

process as a backgrouad job.

B. THE ARCHITECTURE OF THE SISTEM

The arcaitecture of the system encompasses two major
areas. Tne first of these areas 1$ the internal architec—
ture of tne IDM 5¢d. Tne second area is tne nost system
software, i1.2., the user intertace which runs on the host.

1. Tne Basic Macmine Arcnjtecture and Various Contigu-
ations

The IDM 500 is made up ot several modules connectel

to a common nien-speed bus (See Figure 1). Tne database

processor is a 6-mnz, Ziloe Z-8¢¢¢ series mircroprocessor

whicn performs the DBMS functions. Tne coaing for 12

1w

microprocessor is written largely in tne C programming lan-
guage, along with some assembly laneuwage routines. It
comprises about 33V k-bytes of machine code. Ar  optional
module, tne database accelerdator improves tne system persor-

mance by inmplementineg in nien-speed, special-purpose

[=4

nardware somne 5f the LUBMS tunctions normaily performed ov

the 1atabase processor.

14
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Tne cacpe memory is composed ot €4«-bit dynaric 2av
cnips. Tne tasic coantriguration (at tne bezinnins 3¢ 1tae
tests) includei one-nalt regatyte of memory. Up to six
megatytes of memory can be supported. During tze testing

. period, <configurations of one and twOo mezatytes nave also

been used,

One to ftour d1isgk zcoatrollers may be iastallet.

facn controller supports up to rour Six—nupared-megetyte,
nard disks. A tape cortroller may be installed te farili-
tate packing up and loading data.

Two standard nost 1lntertaces are availatle. A
ISEE-4882 pyte-widqe parallel intertace is availadie tor con-
nection to mainframes and minicomputers. A second interrane
can be used to provide multiple PRS-232 serial ports to
microcomputers. A spe~ial ©byte/word intertrace tor com-
munication wita UNIVAC nost ccmputers is sugppiied by tne
Amperit Corporation.

2. Tne Database JOrganization

The IDM 5¢¢ sotrtware supports the relatioral 4ata-
bas2 model. Data {s stored on tne diskx in two lezical
levels, These levels are the system datatase &and tne user
databases. At the top leve]l, the system datadbase -~ontains
five system taples and tnirteen 1atapase taples., Tue systen
tables ¢nntain information on nardware confiesuration, aata-

pasas and current uSagee. The thirteen 1atazase tabdbles

- comprise tne data dictionary. Tney are useq 10
E»
o 186
o
o
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store information about relations, attridbutes, users, ani
security. A list ot the system tables and the 1étabase
tavles is given in Appendix A.

Althoush access to the system database is requirez
for the creation of a user jatabase, an existing user data-
base can be accessed directly, 1i1.e., witnout &oine tarouen
the system database, FEacn user catapase nas totn 1atarase
tables and user taoles. Tne datacase taples are stored
within <the wuser database and may be accessed in tne same
manner as user tables.

The basic wunit of disk access is a Zk-byte olock.
When a database is created, a space allocation ia blocks may
be requested. Tnis allocation may be increased it rneces-
sary. Both system tables and database taoles are used by

the system to compute paysical aidrecsses.

3. 1Ime User Interface

Tne wuser ianterface 1s accessed by invoking an prn-
cess on the host. Tnis process is an 1iaterartive aquery
processor. Tne query processor parses tne user’s queries
written in the Relational Query Llaneuaee (RCL). RCL is
Amperifr’s implementation of Brittern-Lee’s Inteiligent CQuery
Language (IOL)., Alternativeliy, Jqueries may te sutmittied to
tae query processor from a compilea COBOL or FORTRAN pro-
gram, Submitting a compiled program as a batcn Jodb, tnae

usar may bypass the query processor’s terminal =analer.

17
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However, the bdatch job still depends on the query »ro~essor

for parsinz of tne guery.

The, Relational Cuery language (RCL) provizes cpera-
tions ane tacilities similar 1o those avaiiatcle on
relational DEMSs currently ruanine on maintrame romputers
and larger mninicomputers. RQOL a3lso allows yueries to bde
pra=-parsed and stored within a database, Tneses storeq com-
manis limit the time required in the nost for parsing &n1
reduce the time requir=24d in the %ackend tor the catabase-
table lookup. Additional information on RQL may be tound ir
f1, 2 and 3).

Communication with the IDM is via a system process,
RDMIO. QRDMID supervises communications opetween user prones-
ses running on the nost and the hardware intertrace to tne
ID™ (See Figure 2). Op to ten users may access tne RILM

simultaneously trom a sinzle UNIVAC nost.

. PR D . . . .
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Terminal
Batch
User
RQL (Terminal COBOL
Interface) Interfac
(Parsing, Query
Generation, Output
RQLS$ Pormattingi
RV
RDMIO

Flgure 2 - The IDM/User Interface
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III. TEKX BENCEMARKING APPROACH

A. A MULTI-DIMENSIONAL FROELEM
Creatines a tencamarxking sysiem poses a protilem witn
sevaral dimensions. The problem can be troxen dowr into two
ma jor areas., Tnese areas are modeiianFs and measurement,
1. Modeling Problems
Tne modeling problems can te catezorized as DsMS-
depenadent and database—-dependent. The DBMS-dependent
moieling probdlems are reiated to DBMS scnema anc syntax.
The database-dependent problems are related to the chara~-
teristics of the aatabase and tne applicatior to be mcdelea,
a. DBEMS=1ependent Problems
The three widely Xxnownh database models are the
gierarcnical, tne network, and the retational. It ras bveern
shown that databases and applications based on one ot these
modiels can be translated to0 any other model. Eowever, there
is no accepted ptasis for meaninetul comparisons of ctaeir
performance measurement. As a first step, tests zsave bHeen
performediin support tor estavtliisning such a btasls for LREMSs
naving the same underlying model, specitically the relation-

al model.

b. Database-dependent Problems

e
.
ot
.

808, .,

The datatase-dependent problems are representa-

tive ot existine datatases and the applirations whirh are

(- ¥ X
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used on tnem., Existine datatases vary in tne comoilexity ara
in the efficiency 1in which they hnhave been 1implementesn.
These varieties are partiy due to the physical aata tnat are
represented in the database and partly due to the program-—
mers” apilities to construct the database. Aaditionally,
the applications which use these 1atabases also model tre
paysical data represented as well as tne intoermation re-
quired ot trhe 1atabase. Thus, totnh existine 1atatases ana
3 applications must be modeled. Tne key to an effective ani
| gensral model is creating one wanicn represents common cna-
racteristics. The characteristics ot 1atabas2s and
applications must be carwfully stucied prior to the design
i 0Y 4 2eneral and eftrective model. The zcontrastines nature ot
existing datadbases and tasir applications present an ex-
tremely complex modelirng problem.
2. Measurement Prcblams
DBMS bdencamark measurements, as a standard, may also
represent 3 comparison ot LCEMS pertormance. This standard
may be ejtner abpsolute or relative. Absolute measuremerts
assume a fixed standard. Reilative measurements may provice
rangings within a group of DBMSs. The measurement ot thn2
response time for relative ranging i1is nur 2oal.
Experiments must be construcied caretrully and the
environment must be contronlled to provide useable, accurate

measurements. For example, in pertormine resear~n tor this

- N R PG I R -
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tnesis it nas been noticed tnat the load on tne nost ca:n
sieniricantly attect the response time as seen by tne Us=ar,
Similarly; tae respoase time is neavily atrtfected by tae time
reguired to return the data to the user at tTthe€ screen.
These effects must te minimized iana order to obtair measure-
ments wnicn more accurdately reflect the performance 9¢f tne
backend database machine, Resojlution ot measurerent DJro-

blems is discussea in Section V.3.

B. RESOLVING THE MODELING PROELEMS

Altnougn the modeling problems camnot te elirirateqd,
steps can be taken to minimize tne errors iatroduced by tne
modeling process.

1. DBMS-dependent Eroblams

Two assumptions ran be made to minimize tne [CEMS-
iependent modeling errors. Tnese assumptions concerr the
tormat ot the data and the operations used to access the
data.

The tirst assumption 1is that all relations are
stored in tnird normal torm (3NF). Tne use of INF minimizes
the possibility of fnconsistant 1ata, Jrila real datapases
40 not use 2NF, this fact 10esn’t discourage cur assumptica,
The benchmark is designed to provide a measurement ot Ii¥Sce’

perrormance. It is not intended to take into consizeration

:.;'?i K
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the apilities of those persons who will design tae catacas=ss

(althouzn ease or use may be a consideration in sore
instances), for tney may not understand tne tneory ct SiF,
Tne <second assumption to be maae is tnat tane Juery

languages used by tne DEMSs are locgicaliy esquivaient. AlLl-

taougn ditfterences in syntax do exist, tney 2eneraliyv do 29t

I - aftect tze breadtn of avallable operations. Tharetore, 2
2

: common <set of queries can be implemented in the L[EMS&s”
E in3iviival syntaxes arnd provida tn= iientical logical ro-—

2 sult. Any variations to thnis should be noted with bencnrarg
! results. Tne basic set ot experiments include seiections,
projections, joins, updates, insertions and 1eil=tions. Aad-
ditionally experiments snould be performed wnich test thne
perrormance of any peculiar or powertul operations which a
DBMS may have in acdition to tne standard set.

2. latapase-dependent Probiems

Tne elimnination of aatavase-dependent modeling pro-

{ blams 1involves two tundamental areas. The tirst ot taese
) areas is tne generation of a syntnetic databdase, The gene-
ration otf sucn a datactase allows the use of 43ata whi-nh {s

eeperally represeéntative of existin databases, tutl n-~t

. specifically representative of any oas, The desiezn ot the
syatnetic database’s cnaracteristics snould be broad. This
ensures tnat it camn be adapteda 1o readalisticaliy measure tae

pertormance of 3 database with its own <charasteristi-s.

Tnese cnaracteristics inciuce tne sizes of tae relatioens (in

23
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tae numoer of tuples and tuple lengin) in tne datarése &rnz
the lengtn of a tuple relative to bdlock size of the storigze
medium.

The second area involving databpase gerersency
involves tne applications running onm tne database. A syn-
thetic workload is required tor the same reascas 3s tor the
syntnetic database, Tne design of tne syntnetic wcerkloaz
should b2 broad enoueh to provide enoueh results to te acie
to fully simulate different applications. Tae worgload is
designed witn two major considerations, Tne tirst consida-
ration is support of the Dbaslc relational operaticns
iiscussea previously. An additional consideration tares
iato account the varyine access patterns ot existine data-
bases. For example, a given application may repeatedly
retrieve only one tuple at a time, Anotner will retrieve
many in one operation. An important characteristic is tha
locality ot tne data retrieved by operations. Tais cnrarac-
teristic may produce ditterent levels ot pertormancte with

d1tffereant indexing metnoas.

C. THE SYNTHESIZED DATABASE AND WORKIOAD

1. Ine Use of Svninesizea Data
In 4etermining a s2t of bencamark measuremernts, it

is necessary to odbtain tne set wnicn car te uveea on a wiae
range of DBMSs. It is also irportant that tnis set 10es ot

favor any UBMS or class of LBMSs,
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Two approaches could nave peen takern in ottainiae
! measurements, One approacn «ould te to perform tests 9n
& existine databases. The other approaczh is to do measure-
ments on a synthetic database. The latter allows tae
2reatest tlexioility in performing operations nn ta2 data-
base. This 1is vecause tne scaema of a real datadase miznt
not provide a suitable2 structur2 ror pertforminz a test of
some operations. Tae scnema of a syntnetic database, on tne
o otner nand minimizes any bias resulting from designing tne
N tests around a particular database.

The research tor this tnesis i1s performed 1irn <con-

Junctior with evaluation of relational database macaines,

.~ .
. r ] Ky
e b e

Eowever, tne installation nas no relational datatases,
Tharatore, any tests on the LDBMS would nave to be nevesrmec
L on 2ith2ar 3 synthetic 1atavase or 3 database ~onverted fror
3 another model, Since the use of synthetic datatases sup-
ports a more gen=2ral approach in bpencamarxing, the choice
nas been made to generate sucn datapases for bencamdarging
tests.
2. Typgs of Synihesized Data

i Syntaesized data saould nave one major caaracterist-
ic. Tne types of data saould be oroadl ensufn to test tae
Py supported DEMS operations of 4ifferent tyves ot tielids
o | (t.e., values). ¥or example, in the researcn per¢armed tor

3. this thesis, thne tirst two atiriobute values ot eash relation
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nave tne same numeric value, Eowever, tne ¢irst attripute
value 1s stored as an integer aad the sercoad as a ~riracter
string. One set of tests selects tuples based on tne inte-
ger values;s; a second set of tests selects tne same tuples
based on character values, Response vimes may be afteoted
by the processine dirterences related to tne data tybpes.
Ad2i1tional 2ifferences may result trom tne time reyuirer tc
tormat the 2ata for output,
3. General Scnema of Syniaesizez Data Useg

Tne syntaesized data used for tnls tnesis nas ftour

sets ot relations. Each set nas several retations wita

different rumeers of tuples. Each relation in a set nas the
same attributes., Tne attritutes are similar among the fovur
sets, 41iffering only in number and length in order to pro-
vide a range otf tuple lengtns,. Tatle 1 snows tne range of
tuple characteristics.

Tne relations are stored in several datadpases, Two
1atabases are used tor testine sinele-rejation operations.

The first 2atabase contairs all of the relations usez 1in

single relation testine. The sacond database ~ontains rejla-~

2 tions wnose tuples are of 122 bdbytes ani <20¢ tytes. Tnis
b

&) datavase uses compressel fields tor stirinegs (i.,e., trailing
1

g blarnks are dropped) . Several datavases are used t» provice
& relations tor testing join ¢perations. For testing, 1t is
;f desirable t0 spreal tne join operations over the two disks
q in tne system. A full implementation of tais cesiranle
‘: 26
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Table 1. Thne Relation Craracteristics

Tuple Lengtns 120, 29¢, 1eve, 20¢¢ Bvtres

Relation Loeical Sizes : 5¢0, 100¢, 25¢¢, 5¢¢¢, 1¢A¢¢ Tuples

Relation Pnysical Sizes 50 xilobytes to 2¢ megabdytes

14 ( tor 1¢@ tyte tuples', 2¢ (ror
otner tupie lengtas)

Attributes

Sequential Integer, Random Integer,

Attriobute Types
Collatea Alpnanumeric, Blocke Sets

27
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database placement 1s not possible, because tne siorées

allocation algoritams prevent us from ccntrolling cver

storage location of specitic relations.
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IV. GENERATING SYNTERSIZED DAIA

A. A PARAMETERIZED RELATIOM GENERATOR
Tne Relation Generator (RG) is a parameterized prozram

for eeneratine relations tor a 4atabase. RG prompts tne

user concerning tae cnaracteristics of a relaticn. Firse

MMEWAEREAY

[P
'.l‘

the user is instructed to =nter the relaticn name and $1:°

(i.2., the nvumber ot tuples), Tnen, the program reguests

o 8

,{'1

4ata apout each attribute. The qata eyuestec includes

P
el AN

attribute name, value type {(i.e., integer, string, €tc.) ant

- §

distridbution of the attrivbute values, Tne relations gzene-

rated are stored in ASCII files to simpliify transter between

systems.,
1. (Capabilitles

RG contains routines to generate seyuential numrpers,
rantom aumbers (eitner uniquely or nonuniqueiy), and cna-
racter strings in collatea oraer (See Appenaix B). Tae user
may also specitfy a file wnican coatains & set o!f values for
an attripbute to te used in generating attridute values.
This set 15 called a ‘value-set’ and tane ¥ile is called 3

value=set tile. It 1is produced by the utillty Drosfrém,

alue=-sat Generator (aescribed bhelow). The actual ranee of

<3

Ef values from the file to be used to> an attribute is callesz
Ej the attripute’s 1omaia. The uwser spe~ities the nurter oY
'i values from tne value-set to pe includea in tae attrirute’s
=

o 2y

)

J'ﬁ

e
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domain. It is not necessary that the domaln contain all the

values in the value-set. RG requires tae user to cetire tne
iistritutior of tne attribute values. Tne distritution 1is
either in discrete blocks or random or oboth. i discrete
distribution in wnicn tne attripbute vailues are ranaomly dis-
tributed may be created by sortine a relation <containioe
discrete plocks on & random number attrircute,

2.

15

e Deveslopment

Tne Levelopment fnvironment

W
]

RG {is written in IBM Pascal/VS, ruzanine uncer
the VM/CMS operating system. yM/CMS 1s an 1interactive,
multiuser operating system, Beacause of operatins system
limitatioas, RG has bdeesn convertea to a VS (ratcn) process.
Standard Pascal syntax nas been utilizea as mucn as possi-
ble. Pascal/VS extensions to tne lanzuage rnave teen used.
Addiitionally, some of tae file descriptor intormation is
specific to tne operating systems.

b. The Development Process

Tne first step in gne aevelopmeat ot the gsystem
is the 4rattine of a modular trramework. Persons are then
assizned to develop tae daifferent moaules of the pregram.
Tne difterent modules inciude tne main program, the main
gensrator module and the individual value—type generater
moiules. Tne individual modules produce specific types of

values for tne attributes.

3¢

@ Tt
LS. B R




..‘(.f_‘i'__"..f‘I..(._'-."A o, M AIATIAC -.-..'_.')'. AT TN L T e W T W W VAT M AR M MM Bl Sk S |
- . - . - - . - - - - . - - . - a" et - ‘

The system nas been d1eveloped usine modern sort-
ware engineering tecaniyues. The different modules aavs
been debugeed separately. Program harnesses, wnlcn contain
no logic except to invoke a procedure, nave been usec tc
test procedures and subproceiures. Module stubs., wnicn
similate tne actions usually performed by procedures, nave
been used in place of tne procedures to test tne main pro-
gram and tae main genmerator module. Once dehugged, tae
modules nave been inteesrated witn tne main program.

Tne responsibility for fenerating relations aas
been assizred to one person. Additional development ot tae
system invoived several items in addition to debdugsine. L}

utility to eensrata value-set tiles has also obeen created,

Thus, the otaer members of the team have been freec Lo worx
on other phases of the project,
¢c. Design Probiems

Two major problems have been encountered iz th2
preparation of RG. Tne first problem is tne size of 1tne
relations to be eeneratad. In the orieinal EBG Adesien, all
of tne lingked lists of attrinute values reside in tne prime-
ry memory sinultaneously. The size of tne largest reitation
that nhas heen generated is twenty megabytes. nis requires
twenty megadbytes of tne virtual memory space just to store
the contents of the lists. Ad1aitional space wouil te re-
yuired for the program and tne overheaa asscciated witn

linked 1lists (i.e., pointers to merory locations). Tnis
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exceeds the virtual memory space available to a single user
under VM/CMS,

This problem nas obeen partialiy soilvel ty accas-
sing sequential ftiles as a subdbstitute tor tne lingea Lists,.
Therefore only one list of attripute values at a tire is
stored 1in tne primary memory. However, a lirgea list ot
some o0t the longer attrioutes e=2parated requires over twe
megapytes ot memory Jjust tor tne qata, withouvt consizerins
the space required for pointers.

Tne seconld problem concerns the transportatior
of the 1friles of gzenerated rejations to arother sSystem,
Under tne TUVM/CMS system at the Naval Postgraduate Schnool,
eacn user 1is allowed a limited amount of tile space. Tnis
amount is much too small to hoid nost of tae rejatiors Zene-
rated, Additional space is availaole on a temporarv (i.e.,
one-day) ©basis. Also important 1is the fract that woile
y“/CMS files can bde offloaded to tape, they are stored on
tape in a non-standard format. Tnere is no utility program
to transfer VM/CMS files to tape in standarc tormat. Trhere
1s alss a9 utility pro=ram to 2xchange tiles tetween tne
tapes of VM/CMS tormat and tne tapes ot MVUS rormat.

It is appareat tnat VM/CMS 1< not the ideal er-
vironment {n which to run the system. Theretore. it Ras
been necessary to coavert the system to run in tae VVS en-

vironment. The MVS system writes tapes ia tre2 staadara
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format. It 3lso allows the user to have a much largar
virtual memory space, In retrospect, 1t mages sense 1~
devalop the system in an interactive system (i.e., Vv/CVvS)H,
Fast turnaround contritutes to tfaster program deveioprent,

and tne interactive environment maxes depvuvgzing easier.

B. A MATRIX OF RELATICNS
Tne relations generated bdbv AG are designed t9  suppnrt
expariments over a ranee of relation sizes and ~naracteris-
tics. These sizes and characteristics are selecten tc allow
maximum ftlexibility in pursuing experiments witn a minimal
number of relations in tne test datadase. The parameters
discussed below are tnose of tne relations praducea in sup-
port of the bdencrhmargine.
1. Srapdard Templages
All of tae relations are characterizea by tne same
general template. This template is srown in Table 2. Four
specific templates are derived from tnhe general one. These
templates correspoad to the tour tuple lengtas used €or
testine (i.e., 10@ bytes, 200 bytes, 1@P¥ tytes and 2¢c¢
pytes). Bach template 1s used to generate tae rejations of
various sizes (5¢¢ - 12,9¢¢ tuples). Thus most 2t tne tects
can te run on many relations by chaneing only thne rejlation

name (or the values of tne range variaodle) in tne queries.
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: Table 2. Seneral Relation Tempiate

ey - a seyuential number to be storea &8s an in-
tezer tield

vMi{rror - a sequential numoer (same as £ev) to te
storet1 as a 2snaracter strine

Random - a raniom number to be storea as an integer
fiela

sLecd s -

x

Randiom Unigue = a uniyue random number to be stored as ar
interger tiela

Collatea - a character string to be stored in aipnadbetic or-
der
; »
, Letter - a random alpnabeticai letter
1 #
Sets - plocks of values from value—set tiles.

* not used in some templates

# multiple attridutes dependine on tne tuple leneth

34
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The relations are designed to provide tlexicility iz
testing. IZeally the tests to be pertrormed are Znown tefore
desienine trhe relations. However, the results frcm sore of
tne tests may sugeest a need for additional tests wnicn aave
not been previously considered. Accordinely, tn2 retations
ar2 design=d to allow the desian ot additional tests wiinout

generating more retlations.

C. THS GENERATING PROCEDURE

Thre generating procedure consists of taree pnases. Tne
first phase consists ot designine experiments and tne rsla-
tions to be used in tnose experiments, After the relations
have been desiened, th2y must be c¢reated aad trarsnecrtad to
tne testing environment.

Generating relations is a simple process. Pirst VG, 1is
used to generate any necessary value-set riles. Then, RG is
used to generate relations. RG nas been expanded tn produce
a description file, Tais tile ceontains the attridute nares
and characteristics of tae attrioute values in tne retlatinig,
The description lists both tne format ot the eenerated tile
and tne Yormat of tne relation as it is to be stared in tn=
database,

1.

-3
(o

o}

Generator Sysien

Tne senerator system consists o9t tw0 major prosrams,

Relation Generator (R3) ana the Value-set Generator

ta
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(v3). Otner progZrams and deosuzging aias may be necessary,
dependine on the environment(s) in wnich the svstar is
implementea.

a. Tree Relatior Gererator (3G)

RG creates a relation tile based 92 input from
the user, It consists of four types of modules: the main
program, tne main generatsar module, tne indivicdual generator
meiules, and tae collatiagz moaule,

The Main Module - The main RG module contains
very simple logic. RS prompts tae user for the caaracteri-
stics of the relation being generated. First, tae name and
size (in tuples) of tne relation is requested. Tnen, 1€
user is asged to d1etermine tne cnaracteristics of the tirst
attribute. Tne attribute cnaracteristics are colliscted in
an attribute record (See Table $). After tne module obtains
tnhe necessary attritute cnaracteristics, it invokes tne main
generator module,

The main generator module, as explaed icthe next
section produres linked lists of attribute values azad re-
turns to tae main RG moduie. RG then invoLkes the collate
module which is detailed in tae sequel. The collate modnle
proiuces tuples by concateratine sets ot atvtrisute vilues.
After tne reilation nas been generated, tne wser is ziven tne
option ot gseneratine another relation or eniine the process.

Tae Main Generator Module - The rain generater

module 1is invoxed to produce each set nof attribute values,

40
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. Attribute Name - assigned attiritute name

i Attribute Type - data type ot attribute values |
7 String Lengtan - used for string types ;

. Lower Bound - first sequential integer and lo- f

wer bound tor random ianteeers
Upper Bound = upper bound on random integers

- Generate Mode - data-type distritutiorn
i Value Set Name - value-set tile name
< Pelative Proportions - discrete distribution specifi-
e cation

* Seed - random integers
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Tnes cnaracteristics of an attritute are passed 10 TLE moauie
in an attrioute record. Usirg this recora, tne main ~oculse
invokes one o¢ several individual generator modules, 1eper-
iire on the characteristics o?¥ tae attriouts. Tre
individual generator module produces a linxed list ct attri-
bute values witn tne aesired type ana distritution, ana
returns the list to tne main generator module. Trne main
genarator module opens 3 sequential rile, writes tns attri-
but2 values inte tane file, closes tae file, and returns 1o
the main RG module. There are taerefore several suvcn riles,
Tnown as attricute files.

Collate Module - The ~0]llate moaule acts &s a
collator, It paysically concaterates strings of attriouts
values to torm a tuple. It is invoked to assimilate all tine
attribute values in tne attribute files into a file ot tae
relation. In¥ormation describing tre atviriputes is passea
to the <collator as an array or attrivbute re~ords. Tre
collator first opens the relation ftile, and all tne attri-
pute files. The relation is &generated & tupie at a time,
Cne attridbute value rrom =2ach triile is read, The values are
concatanated io produce a tuple, The tuple is then written
to the relation rile, The ~ollator repeats this process
until aii tne tuples nave been produced.

be Thne Value=set Generator (VG)

+3
(S
(1]

Value=set Generator (VG) is a simple utility

for setiing up vailue-cet tiles ftor RG. VG asgs ¢Hr tne rame
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and size (i.e., the number of values) ot tne vaive-cet Fiie
to be created, The values are entered individualily anz

rings in & random-access trile £oar use ty RG.

2. The Conversjon Eroblem

Converting the program tc run in tne batch envi-
ronment involves several tasks. Tnese are the conversion n¢
interactive programs to batch prozrams, the subrission o
Jots to tne tatcn system, a&and developmert of tne adaitinnal
statements reguired to use of the batch tile system. Al-
thougn thae proerams nad already beer debugzed in tae TM/CMS
environment, extensive debuegine has besn necessary atter
conversion to “VS,

Conversion of programs trom VM/CMS to MYS is
not a simple process. 4 virtual card deck is create¢ in a
yYM/CMS  tile whicn comtains the sourzce deck, the faput dats
and the file data required bty the MVS system. Tnis file 1is
submitted to tne batch gueue. Tne iaput tor RG (i.e., tne
user’s repliss) are ir the cari deck with the proerar.

Altaougn 1t is not necessary, tne snurce cade
whicnh generated the instructions to tae user for tne input
nas been removed for tne MVS versions. Tne VM/CMS version
nas been modified to create a file waicrn contains tae user’s
responses to tne program’s prompts.

Differences opetween tae batca and irnterartive

systems caused the ditrirulty in proszram conversion. Tne




batca system, MVS, requires much more in the way cf *fiie
parametar Speqifications. and i{s much less torgivine when
error conditions exist. Tnere are some error conrailtiorns
wanicn tne user can not foresee. For example, tne sysiem may
initially allocate space for a relation file on a volum2
waoicn does not aave eanough free space to cover secondary
allocations. Ynen tnis happens the proegerar is a&aborted.
However, it is 20t possible for the user to specify 3 parti-
- cular disk (i.e., one wita sufficient space) ¢or tile
storage. For the two largest relation tiles (fifteen an¢
tventy meeabytes), 1t has been necessary tc write sach or
the relations into two separate files on the batch system,
The two tiles were ther combined wnen they loacded into tae
database.

3. Transporting th

([{]
(]

elarions to i

a. Transportine the Lata to tae Eost

Ko

lestded

Tane transportation of tne relations to tne nost
is a two=Step process. The tirst step is the transter of
tne relation files trom tne MVS secondary storage to tape.
A system utility is used to accomplish this. The tapes are
taen transportea to tne nost, the UNIVAC 11vw¥, and a similar
utility proeram is used to load 1ata into the host serconiary
storage, Tne nost utility proeram transletes the EBCLIC
tape files into ASCII aisk tiies.

b. Loading Data Into the Bacxend

Tne relations are loaded into tne dacxkend using

4¢




o
ey

a vendor—-supplied utility called a translator. Tnis utility

prompts the user for intormation about tne source tile, tne
target database, and tane target relation

The translator utility may ve run interactively
or with file input. The aatabase into wnich tne relation is
to bde loaded must alresdy exist. Tne rejlation inte waico
data 1is loadeda may or mav not exist. Database name, n9st
tile name, and relation nare must be Ssuppliea. Aaditionali-
ly, ¢for each attribute tne attribute name, length ot source
(in ASCII characters), and type of value to be Stored in the

jatabase must be supplied.
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V. GENERATING TEST PROGRAMS

A. TEE TEST PLAN

The eeneral test plan calls tror several aitterent types
of experiments. Among taese are experiments involving orly
one relation (i.e., selections and projectinms) ancd experi-
ments involving more tananm one catabase (i.e., jecins).

1. Experimeats Ipvolving & Single Relation

The selection and projection experirents are de-

signed to Tmeasure tne system’s performance in retrieving
data from a single relation, Tne response times measured
are the sum of four varianies: tne time to process a query,
tne time to access tne data, the time to process tne daa,
and tne time to return the data. Tne time to procass the
query 1is 1efined as tne time to parse the cuery. By care-
fully constructing sets of experiments, tnese variatles can
be =2stimated.

Si{ince the time t0 Dproress a query is so smalli, it

may oe ignored or combined with overanead for most experi-

ments., For experiments wnhere it is siegnitricant, tne
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query=proccessing time is minimizea to prevent it trom domi~

nating twtne tine measurement, resulting 1n & loss of

3

- precision. Tre RDM 11@¢ allows tne parse tree of 3 juery 1o
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~ be stored in toe aatavase, This capa®iiity allows tne
replascement oY the processine time, wnich i{s dependent oL
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tne host, witn tne aata access time, waich is cepencent onlv
on the backend. The additional data access time is th2 tire

t0 access the commanda in storarse. Tnis 1is the =«

[V

me tor
all stored commands.

Thne lareest variabples are tne easiest to measure
with precision. Thneretore, they are measured tirst anda then
eliminated to measure the srailer variables,.

The largest variaples are likely to te thsse repre-

[14]

senting the tin2 to access, process and return cata. Thes
can be measured with simple retrieve commands. A time
measurement of a reirieve which returans ail the attriovte
values of the tuples in a relation includes the times o¥ alill
of tne four variaoies. However, a time measuremeat usine ar
agerspate ftunction (e.e., count, which returzs a sinele
count of tne tuplies meeting tne qualifications of tae auery)
elimirates the time to return tze 4data. Thus this runction
can be used effectively to measure the time to access ana
process the data (tuples), 1i.e., two of the tour variatles.

Further, an assumption is mace that for simple ~om-
mands tthe processor can process data at a rate wnich 1is
taster than the rate that data can ve bdrougnt 1iato tne
memory for processing. Tnis allows tre processing time to

be igznored., Therefore, the measurements reduce to a measuyre

of tne access time,




&
E: Havine quantiried tne lareer variaoles, the time 10
i process data may be investigated. It nas been assumec tnat
' the processSineg time is not sienitricant for simple cemmaznds.
; However, if tae commands are made more complex, tnen the
i . processing time is expected to increase., W¥ith a sutticient-
: ly complex command wnhich involves 3 small zata-access time,

the processing time may cecome signitficant. Theretore,

exnerimeats are conducted whicn minimize data a~cess tut
vary in complexity. It 1s of i1nterest to determire wnen or
it the processing time becomes measureadle and sieniticant.
It {s expected that projections operations will
increase the processing time, Tneretore, several tests are
appropriate tror testing projections. The rirst set ot tests
measure the effect of projections on tne processing time.
Tae second sSet checks to see if tne processine time is
aftected oy tne type(s) of attrioute values projectec (i.e.,
integer, strine), Tne taird set of tests measures tae
performance of a projection on all of the attrinutes versus

a simple ‘retrieve allL’ command.

After tne time basic varianles nave been estimatea,
otner performance ftactors are investigated. Tae use of

initces can recuce access time, By reduciag tne amourt o¥

iata obrougnt 1ato tne memory, tne processinZ time is aiso
reduced, However, the processing time will be ircreasad iue
to index access ana searcn. Tneretore, for some relatioarns,

the use of indices may increase tne resporse time. Iatexine
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requires a specific set of tests to measure its Dersorrance
in various situatiors. Tne use of aitfferent tynes ot irn-
di22s (i.e., ~lustered, ron-ciustered, multiple xays, 2t-.)

must also be investizatez. An expectea facter in incex

perrormance s the ratio ot tne index size (ir bdlocks ot
storage) to that of tne relation.

Strine compressiorn (removal of trailing spaces' is a
factor waich can aftect tae processircg time, tne access time
any the return time. Tne use ot compression can reaunce
block storage dramatically. Tais, 1in turn, redu~es thne
access time, However, it may reguire more time to process =
compressed strine versus a non-~ompressed one, it protessire
requires expansion of the compressed attrisute. It exparn-
sion is not required tor processinez, then the host may fnave
to expand it for proper formatting. How expensive fin time)
is tnis? Does tnis compemnsate tror the reduction 1{n thz
respoanse time resulting from returning a smaller amcunt of
data (the compressed string) to the no0st?.

Otner performance factors may be examined eltner
iniiviaually or witnin other tast pro~edures. An axamplis of
this {is the use ot d1itrrerent types or attritutes (i.e..
integer versus string). A complete series of tests can e

1evaloped to test this issue in devail. FHowever, it is also

appropriate to 1investigate tnis area in conjuncticn witn

processing time and projections.
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Operations involving more tnan one
jJoins) are attrected Dby the same time variabdbles as Thos2
involving only & sineie relation. Initial tecsting saoulz
involve only two relations.

It 1s expectea that the access time will tecore
dominant tor join operations. Thnis is because tnhe same 1atéa
may have to be accessed repeatedly. Memory size nas ar
efrect on tne amount or accessing required in a join opere-
tion. It memory size is large enough t0 allow totnr
relations to be accessed once and lett in tne memory, thern
tn2 processineg time may become sieniticaat. In tais ecircum-
stance both the access time and the processing tTime are
expected to increase proportionally to tne relatior size,
The ungknown factor is the rate at which the pronessing time
increases. However, it may b%e that neitner relation 1is
small enougn to be neld in tne memory for processing. In
this casa2 much accessine must be pertormed. It may also be
of 1interest to examine jolin performance Detween tnese (wo
sxtremes.

Tne join snould be aesigned to tage acvantage 2t aay
size differential between the two relations. I¢¥ tne sralier

relation can be completely neld in tne memory, tnean it can

be ac~cessed once and orousht into the memory. The lareger
relation can also be accesseda just once as it is orouent

into tne memory as a strean, Ir, on tae otner aana, tne
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larger relation 1is brougnt into tae memory, it rmust 2

brougnt into tne memory a portion at a time. Tne <smaller
relation may nave to be reaccessed tor ea~h portion ot tne
larger relation.

It is important to examine the pertrormance ot joins
botn witn and witnout selection., In performine tnese tests,
the strateey ot the operaticrns should te examinea c~arerully.
Tae selection snoulil pe performed before the actual Jjeoin
operation to minimize tne volume ot data being joined.

Anotner area of interest is tae effect cof incex
usage on joins, Pertormance nere is expected ta improve as
indicated by the sinzle relation index experiments. Fowaver
the specific results may suggest tne efficiency witn wnanicn
the join operation has been implemented.

It 1inequality joins nave been impiementea, pertfor-
mance testing should be conducted usinz trerm, It taey nave
not teen inplementead, 1t may ve valuabdble to know 1it, and
with what dirficulty, they ~an be simulated.

Having experimented tne join operations 1iavolving
two relations, ‘experiments operations snoula te conductea
using larger numbders of retations in one join operaticn. Ey
investigating tne pertformance on nultiple join relations, it
may be possiple to isolate a rixed overasaa fror all the

initial joins.
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3. A Elexiple Test Plan
A gereral test plan snoula te developed tefcre any
oY the experirents are designed. It scould be flexitls to
enable testing to follow different patns of ciscovery. It
i1s expected tnat tne results of some experiments may sugfest
other experiments. Time must 92 alloted for tn2 expansion
of any test set. |
Fowaver, {t must also ensure that the a sutticient
range of data is odtainsd., Tne tests must cover tne univer-
sal operations (i.2., tnose expected of any DEMS), AMone
the universal operations, knowr bottlenecis and treakpoints
are specifically tested,. It snhould alsn investisate any
specific strengtins, weaknesses or idlosyncrasies ¢t the

DBMS.

B. MEASUREMENT TOOLS

Tne response—-time measurements in tnese experiments were
taken from the otacxend-machire clock. This clock nas 3
resolution of 1/68 secnornd and an accuracy witain 1/5¢-ta of

a sa2coni. The response time ot the backena macnine on smalil

-3
(e 3
D

relations 1s 41ominated by communications overneaa,

ninimum response time i< avout one second. S»o, of

«t

ne t2

wn

ts
roniucteld, tne 1/58-second intervai 1is sutticiently

accurate.
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fowever, 1¢ tne overneal can be reduced, & more precice
measuring deviece {s required. Mos>t maintrame operatine
systems proviie a clock witn a resolution in microceconas.

This is not availabdle in the Ptackenda macrine.

C. QUERY SCRIPTS VERSUS PROGRAMS

Two methods exist for perrormine bdenchmark experirents.
These metnods involve the use of query scripts anc proagrams.
Tne first ot tnese simulates an interactive session ecccres-
sing the 3atavpase. Tne actual terminal iaput 1s preparet
an2ad of time and stored in & “run-stream’ file, gnown as a
query script. The host operatine system can te instructed
to obtain 1ts input from a tile instead of via tne termiral.
Thus a series ot tests can be collected togetner i1 3
script. Additionally tne output can be redirected to 4

tile, removing tne overnead in communicating witn

[ 13

terminal.

The use of batch proerams involves much more of t2
programmer’s time 1n the development and debugging of tre
proeram. Pevelopment ot bdatch proerams also represent a
larger drain on tne nost’s resources. Tnis tactor couiz
severely attect testine at many installations.

Since queries must re interpreted wnetner they come from
a pat~h job or a script, tne use of batca prigrammias 41l
not offer tae advantages of bypassing tae query precessor.

Tnerefore, tnere 1s some guestioan wnetner 9r not & batc
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program would provide superior pertormance results. Tnis
gquestion and tae ease of development of guery scrints
suggzest that the use of query scripts is the desireaq retnoc.
If vatcn programming offers a significant pertormarce im-
provement, additional testing must ve pertormea using tatch
Jons. Here it would bde wise to run a complete pattary of
tests in tne interactive environment, toliowed ov a subsel
0t these tests ia2 the oatch 2nviroament. This suoset snhoulzl
pe designed to test areas where the batcr pProcess may have

its most impact (i.e., tne 1ata returan time).

D. INTERPRSTING THE DATA

Tne 1interpretation of cdata is a very importaat part of
th2 testing phase, Tnere are two reasons for this. First,
conclusions cannot be drawn from raw tata. Secona, Timely
iatarpretation enables i1ne persoas conductine the experi-
rents to analyze tne results and icentify furtner testing.

A collection of raw aata is very nard <t0 1iznterpret.

Theretore, any results obtained srould de eraphed immediate-

ly. Grapning the results immediately allows rapid
identitication of errors 4nd unexpected results. Relatez
results shoult also be erapnea toegether. For exarple. all
the results from a yuery applied to relations of aifferent
tuple leneth and relation size siaould be eraphed tceetner.,
Once tne raw data is aralyzed, tne grapns may te re-

fined, Tne grapn axes may be varied 4s appropriate, For

SRS St Lr o) - § SAPRIRPRELINSS § 5
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éxanple, tnhe response time may be grapaed against tne tupls
lengtn, against tne relation size (in tuples or tne numcer

of blocks ot the storase space occupiea) and aegainst tre

quantity of data returned to the user.
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A. RESULTS
. Tne results obtainea from testing several contigvrations
of a relational database machine have proviied 3 pasis tor

ieveloping a3 general set of bencamark tests tnar relational

iatabase machines. The tenchmarginz tests have been mostly
machnine 1independent. Altrougn a testing metnnaology 1is
provided herein with eaough results or certain crontieura-
tions, alditiona]l testine is necessary. This testine shoul1
be performed on otaer DEMSs, preferaoly witin difrerent cha-
racteristics, to ensure that tne test is complete anz oot
macnine-specitic, Tne results of testing selection ana
projection operations are desecrived in [4]. Resuits trom
performing tests on joln operations are describec in [2].

1. Ggeneral Besults

=

.

The response time nas been sh wn 10 be propertioral
to the time required to access tne data. This, in turn, hes

been shown to be proportional to paysical size of the data-

base. Metnods used to reduce the anount of daiée to te
brougat into tnhe memory for processing (suca as incexirng ana
ctring compressior) improve the response time.

The response time is also proportional to tre aTount
of 31ata returned to the user, In tne case ot tne RLM 11ve,

the time vrequiread to return tnhne 1ata 1s tne lareest
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component of tne total response time, It +tne necessary

information 1is obtained via aegregate runctions, tne e~

{f . sponse time 1s greativ improved. It 1s not possirlzs to

o ietermine now much of the response time is due to the rac«-

end macnire and1 now mucn is due to tne hLost. Fowever,
loading tne nost detinitely desrades tne responce time, An
analysis ot the resyonse tire unier various 1oaa rozditions

in tne nost may lead to & distinction of tne nost recponce

tine vs. tne backend response time.
Tae time required to process gueries ana the tire
required to process data in tne memory are relativelv small

tor the RDM 11¢¢2. This may not be true ror other systems.

Theretore, 1t is imperative tzat tnese areas te careful.y
examined when adaptine the proposed tests to Systems witn
iiffarent arcaitactures.

The results ot the experiments show that LiMSs do
have characteristics wnica may be measurecd. 4 well-con-
ceived seriss of tests can measure an installation’s
pertormance, 2and eain an indication ot its perrorrmance ar1
its ‘“personalitv.’ Tnece tests can be used to compare U3MSe
galnst =azh other., For tre DBMS implerentor, th2 t1ests

also proviie a3 mnethod of aetermining poorly imrlemented

> parts ot the system.
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2. BResearcn Results

Tne experimeats wnicn nave been pertarmea nave
supported two 1iftferent types of stuay. Tne tirst is the
actual measurement of tne backend macnine’s pertormance
(albeit, witn lignt load ani tew corrieurations). Tae 3IDM
1104 provides a comprenensive (altnouzn uncomplete) rela-
tional model whicn succasstully otrtioads LEMS tasks trom the
nost. Since evaiuation of the macaine was conductea simul-
taneously with the researsh, the task 0t evaluatine it has
been accomplisned., Some areas tnat nave not teen ftully
investieated are due to the lack of time. Other areas that
have not bdeen fully investogated are due to incomplete
implementation. As an example ot these areas, the use ot ALL
in a retrieve s is contigent upon tne number of attrictutes.
At one point, tne use of ALL on a relation with a larege
number of attributes results in only an error message. After
installation of tne accelerator, tne use 2t ALL nalts tne
command. After the accelerator is removed, tne probiem of
nalting persists. Another deticiency noted nas teen 1thre

inability to perform an inequaiity join.

B. A RELATIONAL BENCHMARKING METHODOLOGY
Tne proposed set ot bencamarx tests nas four pnases.
The frirst phase consists of preliminary tests desiened to

identify tne best metnod of measuring tne system’s respcrse

!; ’ time. Tne second pnase involves isolating tne aifterent
i
o be
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components of the response time, Tne third phase investi-

gates the system resporse ian specific areas. Tre fourta

3 phases verities the results ontained durine the phases two
: ani three, '
h . 1. Phase QOne - Measursment Methods

Most systems have at least one me~nanism whi~n pro-

& videas 3 time measurement. Initial testing is designee 1¢

idantity tnhe one which optimize tne precision ottainead ver-
sus the ease of obdtaining tnat tima, Orce the measurerent
method nas been cnnsen, it is cnecked to ensure taat it is
accurate enough to provide the necessary precision. It is
3lso necessary to ensure that tne overacad invelvea 1in
retrievine the time 40es rot reduce tne presision or the
measurements bveing taken.

Ir the necessary precision is not readily availatle,
then technijues are availatle to increase the preci iom of
the results, Tnese tecanigues involve pertorming an opera-
! tion several times and calculatine an averaee. The tecn-
niques selected must be reviewed tor side effects. Tne DEMS
may have tne capaotility of internaily optimzing performarce,
For example, the srder in whicn tne queries are submittea to
f the DBMS may allow tne DBMS cacne memory managerent to
] requce disk access.

In the case ofr trhe RDM 11¢¢, two 1iffrerent methoas

of measuring time coula nave been used., Tne first metnod is

to obtain a time stamp from the nost operating system.
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Altaougnh it may have provided sufficient precision, 1t nas
not ovteen 1investligatea because of tne otner meTnoCs
available. The second method is a time stamp availaolie trom
tne IDMm, A bullt=-in function supplies an elapsea t1ime
measurerent {intervals ot one-sixtietsi of a seconri1., Tais
provides sufficient precision for tae measurements. Siace
the elapsea time 1is a sutficient measurement, tne maore

precise measurement nas not teen usec.

2. Pnase Two - Comporent Isplarion

Onze an adequate method ror measurinz time has peen
verified, 1t is used to measure tne pertformance in several
specitic areas. Thes2 areas are the tour corponents whicn
are ianvolved 1in all queries: tne time ot process tne gquery
(i.2., parse it), the time to acress tne data in the zata-
base, the time to process the data in the memory, and tne
time to return the requested, Tnese components may ¢te
considered tne DBMS’S primitive operations. These primi-
tives 40 not tagke advantige of any metnods used to improve
the response timne of a given query. They merely measure tae
perrormance o0f the hardiware and sottware in pertorrine spe-
cific functions. It nas been stated that a pertormance
measuremeat oY some aspects of a DBMS 1c reafly a measure-
mert of the operatine systam, The operatine system aoes

eftfect DBMS response. However, 1in tae case of a tacgenc

machine, this eftect is mirnimal for some operations. Wnile
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this 1issue may be debated, 1t is not of interest 10 (a2

user, The wuser s rnot interested in the reasoas wny 23
system responds poorliy. He is interested only in tze tact
that a system partorms properly and the fact tnat tne sy-
stem’s performance is better (or worse) tman taat of anotzer
system. He 1s most interested in the possidility ot octai-
ning a quicker response time on nis application.

Tne system primitives are measured bty & set of
queries which 1isolate different aspects of tae response
tine. One set of queries is designed to return tne same
amourt of data from relations witn the same number ¢f tu-
ples, but naving ditferent tuple sizes. Once a tuple is 1in
the memory, it takes the same amount ot time to proje~t one
attribute from a set of 1¥¥-byte tuples as trom a set of
2000-byte tuples. The diftference in the respornse time tor
the two queries is due only to tne time necessary to tring
the tuple into the memory. The times required to process
the query, to process the data and to return tne data are
tae same,

Tne second set of queries is designea to measure tane
tire required to return the data to the user.. These queries
return a different amount of data (in pytes) from prcjectior
opsrations on tne sameé number of attributes in tne <ame

format (i1.e., strings, etc.) in relations wnican are of tne
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same pnyvsical size, Tnese restrictions assure thet t1a€

access time is the same, the processing time is tne sare,
and tne query processing time is tne sane,

The third set ot yueries is aesiened to isclate 2at2
processing time. In tnis set, tne yuerles return the same
amount ot data trom relations of the same physi~al size
(t.2., 1identical storage requirements) bdut naving a citter=-
ent number oY tuples. This provides a measurement ot t1h2
processing rejuired relative 1o the number of tuples pro=-
cessed, The query processing tirme, the 1ata a-scess tire,
and tne data return time are tae same.

The ftourth set of querids proviaes a measurement ot

query processing time. For operations on relations ot any

Significant size, tnis is hnard %o measure. Even on small
relations, 1t may not vbe significant compared to simple
system overnead. Tnis set of gueries 1is more complex tnan
the provious sets. The queries are constructed to allow th2
eftects of tre time elements (i.e., tne taree just measured’
to be subdbtracted from the measurements, leaving only tae
query processiagz time. Considerine the di¢ticulty in ob~
taining a precise measurement of the query processirg time,
it may not bde wortnwaile to determine tnis value because ot
1ts small size.,

The previous a1iscussion indicates that the query

sets are independent. fowever, witn proper planning tne

aquery sets may be combined witn equivalent results. In tne
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graph shown in Figure 3, one set ot experiments proviz=s a

measurement of data access times and data return times. Tre
set also i{solates the <constant gJuery overhsaad ‘wnicn
includes the query processing time).

Figure 3 represents tne response time of two que-
ries, One query selects tive percent ot tne tunles ania
returas aill of tne attridute fields from eacn tuple. Tre
second query is identical except that it sele~ts ten perrant
of the tuples. The queries are both run against relations
with 10¢-byte tuples. The relations vary in size trom b5¢v¢
tuples to 19,030 tuples. Point A on trhe grapn represents
the tive percent selection on 1¢,¢¢¢ tuples. Point E repre-
sents tae ten percert selection on 509¢ tuples. Since each
of tnese queries returns 5¢@ tuples, tne time to return tae
data is the same. The overnead associated with each query,
including 4query processing time, 1s the same. Tneretore,
the dirtrerence between tne response times represeantedi oy
Points A and B 1s the difference is tne access tire and tne
processing time ot the queries. Point A represents a re-
trieve on 1@,2¢00 tuples, which 1s 5¢@ olocks ot 1isxk
storage. ®oint B represents a retrieve on S5¢€¢¢ turles, or
25¢ disk blocks. Assuminge taat processing time tor tasse
queries is insignificant relative to tne access time, ¢tore,

the 4difterence {n tne two response times is tha tire to

access 25¢ disk olocks.
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Fe The overnead tor all the queries shown on tre erapn
- is the same ani is represernted oy tae common i{atercept c¢f
) the vertical axis. It the time represented by Point r 1¢
O . ad Justed for the overhead and tne time to access 25¢ blorks,
then tne result is the time to return 5¢¢ 1¢<4-dyte tuples.
Tha2retore, the use ot one query set has identified rates tor
accessing data (in blocxs per secona) and returning data fin
v 3ytes per secont)

3. Phase Inree = System Respoase

17,

) After tne time elements nave bpbeen measured, a set »t
- queries are partormed which measure the 2rtrfect of methoas
oL used to improve tnhe system response, An example ot tnis 1is
the use of indexes. Theoretically, tne use of {ndexes
should improve system performance by decreasizg the amount
Eﬁ of 1ata accessed. However, tne index mMust be accessea arna
processed. Areas of interest here iavolve aeterririne at
wnat point, 1if any, does the use of indexes beccme impor-
tant. Theretore, performance on indexea relations 1s
measured over a wide range, Ypat type of index (i.e., ~lu-
stered or non-clustered) provides tne best pertasrmance and
‘E what are the trade=offs? wnat scope of irdices (1.e., one
) attribute, two, or more ) provides tne test pertormance?
The latter question may be one depandent on the appli~ation.
P In testing the RDM 11¢¢, 1t nas been notea tnat, if the
R iniex 1s defrired wnen tre relation is ceine ~reated, then

the size of a relation with 3 ~lustered index is larger then

61




the size of the same relation it tne inaex 1c defined atier
the data 1as obeen entered into tne relation. Tais 1is cte-
cause tne loading aleoritam assumes a normal distritution of
key values, wnile the cata fs in key seyuence. aata loaded
has bdeen generated ailready sorted.

Adiitional testirg should ©be pertormed to eet 13

»

‘teel of tne system, 8y bvecoming tamiiiar witn tne <y~
stem’s capabilities, tne testing personnel saould pe acle ta
determine interesting lines of experimentaticn. Areas of

interest 1include the overnead associatea witn oprojection

operations, tne use of string compression tecrnniques, and

"l

tne efficiency of join operations (in different availapie

NG

s -
AT AP AR A

memory ~ontipeurations, wnhen availaole).

!! ¢. Paase Four - Yerification

The last phase taxes place afrter the other tests

nave ©bdeen reviewed and grapaned. Analysis of tne rrevisus
tests should provide some meaninetul results about system
perfarmance in general, ani i{n particular areas. Tre veri-
fication pnase serves to perform tests walca veritvy or

1isprove tne analysis of tae previous tests. It also »pro-

vides &n opportunity to reao any tests whlich appeer errone-

!; PARARS

ous or suspi~ious. In tnis pnase, adaitional tests may taxge

.
vl
o
.
M
I.-I
.
.

-

advantage of tne flexibility designed into the synthetir

e
»
«t.

databdase.
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o C. SUMMARY
;“ Investieation ot the pertormance ot several conrieura-
=l tions of a backend reilational database macnine nas provizea
i consideratle {insignt into what may be a souad basis ftor
a2 . geaeral performance testing on relational UBMSs. In 1tais
X thesis, a methodoloey has peea laid out and tre initial
P pnases tn be taken in tnat metnodolosy nave deen 1erineda. 4
;h complete frameworik for sujsequent phases 24s 2Ct heen tully
& developed, but their contents have been discussed.  Wnils
Iﬁ the tests descrioed re=late to a specitic series of relatiorn-
-""1

: al ddatabase macnines, the basic metnodaology may appiy to
» relational database machines,
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APPENTIX A

1D¥ Syster Tadles

3 N
Patapases - catalog of gatabases in tne system
Disxs = list ot disks known to system

Locx - used by IDM tor concurrency control

Contiesure - intormation about serial anda paraillzl ia-
terfaces, caeckpoint interval

DEBinstat - information about current activity ir tre
IDmM

Dagabase Tables

Relation - catalog of all objects (relation, view,
stored command) in the database

Attribute - catalog of Pacn attiribute of each relation
Indices ~ catalog of inlices tnat exist in tne dataopase

Protect - catalogz of protection inrormation in the 13-
tabase

Query - stored commands and view

Crossreference - catalog of dependencies among reiations,
views and stored commands

Transact = transaction loewine rolation

Users - mapping of user apd group names to user ID
Host_Tsers - mappine trom nhost ID ard user ID to IIM ID
BlocZalloc =~ catalog of disk blocks

Disk_Usaee - database allocation

Batca - temporary transdaction logeing relation

Descriptions = user 41evinaole descriptions
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APPENDIX B

Database Generator Program (CMS PascalVs)
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PROCEDURE STORE_STORAGE_TREE (NUM : INTEGER):
(# STORES A VALUE CN A SEARCH TREE. *)
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APPENDIX D

Valuzset Generator Program (MVS PascalVs)
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APPENDIX E
valueset Generator Program (CMS PASCAI.VS)
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ELEMéNT #9, ELEMENT_NUMBER:4, ¢

SCINTERa. L INK

i= ELEMENT;

M

‘88 ELEMENT
;

POINTER;

3
EN

K X
UZ £ Bt
T emimla Y X TT T

NAME ¢ FILE_NAME_TYPE;

ob

é
(% WRITES THE SET TO A FILE. ¥

‘g?&iNG ( STR_LEN)

RING
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